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Abstract 
This paper illustrates the design, fabrication and experiment results of surface preparation system for 
500MHz superconducting cavity at Shanghai Institute of Applied Physic (SINAP). The SINAP 
established a set of clean room, buffered chemical polishing equipment, and high pressure ultra-pure 
water rinsing facility. The whole surface preparation procedure has been operated successfully and 
verified by the successful vertical tests of 500MHz single cell superconducting cavity. 
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1 INTRODUCTION 
Superconducting (SC) niobium cavity is one of the major components of a particle accelerator. It 
is used for accelerating charged particles to compensate for beam loss or to hit the target material. 
Comparing with normal conducting copper cavities, very high accelerating field gradient of the order 
of 50MV/m with small power dissipation can be achieved with SC cavities[1]. Furthermore, SC niobium 
cavity has a very high Q-value, therefore its high gradient performance is sensitive to the surface 
imperfections: damaged layer, scratches, inclusions, electron beam welding defects, and 
contaminations, which can arose cavity loss mechanisms such as field emission or thermal 
breakdown[2]. The role of surface preparation with SC cavity is to eliminate such problems. There exist 
several methods of surface preparation of niobium cavities, such as barrel polishing[3], buffered 
chemical polishing (BCP)[4,5], Electropolishing[6], high pressure rinsing (HPR)[7,8], low or high 
temperature baking[9], and so on. Two 500MHz niobium cavities have been fabricated by the Shanghai 
Key Lab of Cryogenics & Superconducting RF Technology at SINAP. The BCP treatment was applied 
in our cavities as the primary procedure mainly due to its widely understood process technique and 
lower cost. Besides, HPR has been also used as the final step in cavity preparation to reduce field 
emission[7]. With surface preparation on #SCD-02 niobium cavity, accelerating gradient at T =4.2K 
reached as high as 10 MV/m while quality factor is still higher than 4×108. 
2 SURFACE PREPARATION SYSTEM 
The cavity surface preparation system mainly including a closed-loop BCP and ultra-pure water 
HPR has been developed at SINAP. The layout of BCP, as shown in Figure 1, mainly consists of acid 
circulating loop, cooling-water circulating loop, low pressure water rinsing pipeline and recovery 
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pipeline of waste acid, which the most important is that operators of the chemical process were secured 
against exposure to acids and noxious fumes. Firstly, the acid solution was premixed and cooled by 
iced flowing water pipe inside acid tank to control the temperature range of 10-15℃. Secondly, the 
acid pump was started up to circulate the acid through a filter into the cavity and then back to the acid 
tank. The acid filling time to the cavity corresponding to acid pumping speed was optimized to avoid 
noticeable shape distortion of lower part of the cavity due to longer exposure to acid. The temperatures 
of the acid solution and cavity itself were both controlled to achieve a stable etching speed. An iced 
water shower to the outer cavity surface was used for cooling the cavity. Then, the acid pump was 
switched off and acid was dumped from the cavity, when the surface layer deep enough was removed. 
Finally the low pressure water rinsing was immediately carried out to take out the residual acid on 
inner surface.  
   
Figure 1. Layout of chemical etching (left) and apparatus (right) at SINAP 
A lower etching speed at the cavity equator in vertical BCP came from that a barrier of etched 
niobium and bubble buffered the further reaction between acid and niobium. A magnetic agitator was 
added around the cavity equator, which makes use of a rotary turnplate containing magnets outside the 
cavity to drive the PTFE covered magnetic blocks circling along with the inner wall nearby the equator. 
The barrier was disturbed and destroyed, so that the etching rate at the equator section was 
consequently improved. The cavity wall thickness distribution was measured with an ultrasonic 
thickness meter as shown in Figure 2. It can be seen that the removal thickness was obviously 
increased at upper equator section where the magnetic agitator was put. 
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Figure 2. The material removal distribution along the cavity axis with an average of about 190μm 
 
To remove thoroughly chemical residues or particles against field emission, the automated HPR 
system, consisting of a high-pressure pump, a spray wand, and custom spray nozzles, was applied as 
the final step in the surface preparation of SC niobium cavities. The ultra-pure water in resistivity of 18 
MΩ-cm and pressure of 80kg/cm2 was rinsing from 6 nozzles on top of the feeding cane, which moved 
up and down inside the cavity while the cavity was rotating. 
4 CAVITY RESULTS 
A typical surface processing procedure was applied to our cavities. BCP was initially performed 
using a proof-tested 1:1:1.5 solutions of 40% hydrofluoric acid, 65% nitric acid and 85% phosphoric 
acids premixed in 140 liters. An average total of 190μm of niobium was removed from the inner 
surface of the cavity during the first BCP treatment of 1.5 hours. This was followed by a 1 hour 
low-pressure water rinsing. The cavity was dismounted from the BCP apparatus and moved into a 
class-100 cleanroom for 1.5 hours HPR. Then, drying in a class-10 clean room overnight, a low-power 
input coupler and a pickup antenna were mounted. The cavity was sealed with vacuum flanges and 
evacuated. Subsequently the cavity was applied “in-situ bakeout” process at 100℃ for 70 hours. Figure 
3 shows the polished inner surface in comparing with that before BCP. 
  
Fgiure 3. The surface comparison before and after heavy BCP+HPR 
The first vertical tests were carried out in a vertical cryostat filled with liquid helium at 4.2K, and 
#SCD-02 cavity showed a strong degradation in quality factor around 4MV/m, as can be seen in Figure 
4 (June 23; June 21).  
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Figure 4. First vertical test results of 500MHz single cell superconducting cavity and the improvements of cavity 
performance by additional slight BCP 
When the cavity was taken off the cryostat and opened to have an inspection, we found the 
interior of cavity bad smell. It reminded us that there must be a serious contamination during BCP, 
HPR or cavity assembling, which caused the strong Q-drop. The cavity Q-drop was cured by improved 
 
 processing sequence. In July 2, 2010, the second etching process (slight BCP) adopted a new 130 liters 
acid mixture containing 1 part HF (40%), 1 part HNO3 (65%) and 2 parts H3PO4 (85%) by volume, and 
it just took 22 minutes resulting in about 20μm material been removed. After BCP, low-pressure water 
rinsing had been running for about 80minutes. Subsequently, the wet cavity was taken into class-100 
clean room for HPR and assembling. Field gradients of Eacc above 10MV/m with quality factors Qo 
above 4×108 was achieved with second vertical testing in high reliability as shown in Figure 4 (July 3; 
July 3). 
5 Conclusions 
The surface preparation is one of the critical steps of SC niobium cavity fabrication. A closed-loop 
BCP apparatus and an ultra-pure water HPR system had been constructed at SINAP, and been 
successfully applied to 500MHz superconducting cavities. The 500MHz SC niobium cavities had a 
simple buffing on the inner cavity surface prior, especially at the welding seam, then went through a 
sequence of surface processing, including BCP which took about 210μm material removal in total, and 
effective HPR with fresh ultra-pure water, and low temperature baking at 100℃, the SCD-2# cavity 
had exceed gradient of 10MV/m with a quality factor Q0≥4×108 at 4.2K, satisfying the specification of 
SSRF superconducting cavities. 
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